We describe first results of a spectroscopic probe of selected fields from the Grid Giant Star Survey. Multifiber spectroscopy of several hundred stars in a strip of eleven fields along δ ≈ −17
introduction
There has been a long and somewhat checkered history of observations attempting to isolate substructure in the Galactic halo (e.g., ? Sommer-Larsen & Christensen 1987; Croswell et al. 1991; Côté et al. 1993; Majewski et al. 1996) . While observations in the last decade have confirmed the existence of a few coherent groups of halo stars (Côté et al. 1993; Majewski et al. 1996; Helmi et al. 1999 ), more recent large-area CCD surveys are beginning to reveal the ubiquity of these structures (Vivas 2001; Dohm-Palmer et al. 2001; Newberg et al. 2002) . Given the central importance of these probable relics of satellite accretion to the Searle & Zinn (1978) model of the formation of the Galactic stellar halo, their implications for the formations of massive halos via the Cold Dark Matter hypothesis (Navarro et al. 1997) , and their usefulness for measuring the Galactic potential , there is motivation to identify and catalogue Galactic halo streams and moving groups. We present in this paper first results from the Grid Giant Star Survey (GGSS), in which we identify a new, coherent moving group of Galactic halo stars.
The GGSS probes 1302 evenly spaced, ∼ 0.4 − 0.6 deg 2 areas of the sky to (a) supply several thousand bright (V 12.5), sub-solar metallicity K giants for the Astrometric Grid of the Space Interferometry Mission (see Patterson et al. 2002) , and (b) explore problems related to the structure and kinematics of the Milky Way. The photometric technique for discriminating late type giants from dwarf stars, which uses the Washington M, T 2 and DDO51 filters, is described by Majewski et al. (2000a) , and is being used by several groups (Morrison et al. 2000; Geisler et al. 2002; Majewski et al. 2000b ) to explore Galactic structure problems. Further discussion of the reliability of the photometric selection of giant stars is given in Palma et al. (2002) . It bears reiteration here that follow up high resolution spectroscopy -R=50,000; 5000-5900A
• coverage; S/N≈25 observations undertaken to monitor the spectroscopic stability of GGSS candidates and search for possible companions-of stars selected by the GGSS as metal-poor giants in a similar magnitude range as the stars discussed here has revealed 100% of candidates observed so far to be, in fact, metal-poor giants (Verne Smith, private communication). While preliminary inspection of ≈300 candidates suggests that they are all giants, detailed cross correlation studies with model spectra of a randomly selected subsample of 38 stars confirms that they are indeed so with −1.0 Log(g) 3.1 and T ef f 5500K for every candidate.
GGSS photometry for δ < +20
• fields was obtained on the Swope 1-m telescope at Las Campanas Observatory, and spans 9 V 17. Pipeline reductions convert the three-filter data to photometric abundances and parallaxes 1 for likely giants according to the prescription in Majewski et al. (2000a) . A more detailed discussion will be given elsewhere.
We describe here first results from a spectroscopic probe of the GGSS giant star sample from among the earliest fields processed through the photometric pipeline. Samples of candidate giant stars in 11 fields along δ ≈ −17
• (J2000) and 12 h < α < 17 h were observed with the Blanco 4-m telescope + Hydra multifiber system on UT 28-30 Mar 2000. We limited ourselves to M < 15 giants for this initial probe of GGSS fields because of limited available observing time, obtained as brief (< 1 hour) hour angle "fillers" for other projects. The data were obtained using the Schmidt camera and 2×4k SITe CCD in conjunction with the KPGLD grating. When centered on the infrared calcium triplet region, this setup delivers radial velocity precision of ∼ 5 km s −1 (verified by repeat observations of test stars).
2. a coherent feature in phase space Fig. 1 shows the distribution of heliocentric radial velocities, v helio for all photometrically classified giant (top) and dwarf (bottom) stars having Hydra spectroscopy, as a function of Galactic longitude. For comparison the dotted curve marks the minimum (maximum) v helio for 270
• ) expected for stars within 20 kpc -the distance limit of our observations -if they follow a constant circular rotation curve with v rot =200 km s −1 [we adopt a solar motion of (u, v, w) = (−9, 11, 6) km s −1 about a local standard of rest with v rot =220 km s −1 ]. The solid line plots the 0 km s −1 "rotation" curve, i.e. the reflex of solar motion. These illustrative curves do not include the effects of velocity dispersion about the adopted v rot ; nevertheless, while the zero velocity dispersion and constant [v rot (R GC )] simplifications increasingly break down toward l = 0
• (where the bulge contributes), the curves, which should nominally bound the expected v helio range for the Milky Way's flattened, disk-like components, do make apparent several aspects of our sample.
For example, as expected, the velocity distribution of the dwarfs is more consistent with a colder disk population than is that for giant stars, which tend to have a larger fraction of members outside the curves. Among these outliers we identify a conspicuous group of eight stars, marked with solid circles in Fig. 1 , that trace a sequence of v helio (and R GC , see below) with position in the sky, with a smoothness that suggests that they are members of a population having a tight velocity coherence (the progressive variation reflecting primarily changes in line-of-sight perspective). Table 1 lists observed and derived properties of these stars. If a disk population, these stars can only be matched by circular rotation curves with v rot in the range ∼ 250 − 400 km s −1 at the distances reported in Table  1 . This far exceeds the v rot of the Galaxy at the R GC 's of this group (2-8 kpc). The combination of kinematical coldness and rotational velocities exceeding v circ , which is generally only attained near the perigalacticon of a highly elliptical orbit for halo objects, supports the notion that these stars are part of a coherent debris stream from a Galactic satellite. Fig. 2 shows the (M − T 2 , M − DDO51) distribution of the giant candidates in Table 1 along with iso-metallicity loci of giant stars [see Majewski et al. (2000a) for details]. Within the photometric uncertainties, it can be seen that the stars in our proposed stream also appear to have similar metal abundances of roughly [Fe/H] = −1.0. Fig. 3 shows the location of the stream stars in the sky; note that the positional coherence here is because of our study of fields along constant declination. However, when the photometric parallaxes, r, and (l, b) positions of candidate stream stars are converted to Cartesian Galactic coordinates, the stars follow a linear or arcing sequence, where each star is roughly equidistant from the Galactic center (Fig. 4) . By accounting for other dimensions of phase space, we have managed to "follow" this wellordered sequence of stars into the velocity range occupied by more typical field stars for l < 305
• ; it is to the very existence of such a group of stars with a smooth progression in various dimensions of parameter space that we wish to draw attention, as it would be unusual to find at random a group of stars that are velocity outliers, have similar R GC , and show a coherent sequence of velocities in independently measured multifiber survey fields.
To test whether this group of velocity outliers could be halo or thick disk stars aligned by chance, we performed a series of Monte Carlo simulations. For each GGSS field with a stream candidate (Table 1) we simulated 50,000 stars by assigning a random velocity defined by the halo velocity ellipsoid of Chiba & Beers (2000) , and distance based on our distribution of photometric parallaxes. The probability of finding a halo outlier with radial velocity less than the velocity of a particular stream star (plus 5 km s −1 to further account for velocity uncertainties) varies from 0.27 to 0.37 for each GGSS field. The probability of finding eight outliers in the specific fields listed in Table 1 is ≈0.0001. If we assume a probability of finding similar outliers in the three other Table 1 fields is also ≈0.3, then the probability of finding a set of outliers in eight consecutive fields is 0.0006. Similar simulations using the thick disk velocity ellipsoid from Chiba & Beers (2000) in conjunction with a constant circular velocity of 200 km s −1 yield probabilities of finding a random outlier from <0.001 to 0.35 in each of our fields, with a formal probability of a pure disk population indistinguishable from 0. Choosing the larger of the halo or thick disk outlier probability in each field yields a probability of at most 0.001 for finding outliers in eight consecutive fields. We have an additional constraint in that the distance and velocity of our outliers are correlated (Table 1) , with a correlation coefficient of 0.84. Assuming each of the eight stream fields has a star with the velocity listed in Table 1 , we randomly assigned each star a distance from the ensemble of measured distances in each field. One hundred thousand simulations revealed only 2% with an absolute value of the correlation coefficient greater than 0.84. Thus, we conclude that the probability of randomly finding a correlated stream of outliers, such as detected here, is negligibly small (probability of 0.001×0.02). Thus the combined evidence of a smooth, cold progression in the various projections of phase space (l − v helio , l − b, X − Z, b − r, r − v GSR -see Figs. 1, 3 and 4) strongly suggests that these stars are parts of a loop of tidal debris arcing around the Galactic Center.
We looked for other such "sequences" in the data but found nothing else as striking. There are other velocity outliers in Fig. 1 , as would be expected from our estimate of a ≈30% chance to find a velocity outlier in any particular field; but, for example, the four positive velocity outliers in Fig. 1 show no obvious correlation with distance, and yield a metallicity dispersion twice that of our proposed stream.
Our observations suggest the Table 1 stream to be extremely diffuse. Each GGSS pointing used for this set of observations covers an area of 0.4 deg 2 separated by 5.6
• from its neighbor. The absolute magnitudes of both our stream and non-stream giants span the entire range covered by the "red giant branch bump" and "normalization region" stars reported by Bono et al. (2001, "B01" hereafter) in their HST based starcount studies of Galactic globular clusters. By comparing the stellar density of our stream stars with the total density of "red giant branch bump" and "normalization region" stars in the B01 globular clusters we estimate the difference/offset in surface brightness densities. The globular cluster NGC 6362 has an average metallicity in the range of our proposed stream stars, and is a diffuse, nearby object (Harris 1996) -so that the average density/surface brightness within the HST-WFPC2 field of view of the B01 observations is roughly constant, and approximately equal to the central value. By adding the difference in surface brightness density of the stream with respect to NGC 6362, calculated above, to the central surface brightness of this globular cluster (Harris 1996) we estimate the surface brightness of the stream to be fainter than ∼ 29 mags arcsec −2 in the V band. While this estimate is admittedly crude, it is likely that our stream is among the most diffuse known coherent substructures in the Galactic halo, and this find highlights the capability of the GGSS to discern such a gossamer thread among the clutter of Galactic stars. We note that our "tidal feature" does not seem to correspond well with any of the features in the Sloan Digital Sky Survey (SDSS) data of Newberg et al. (2002) , even though their observational plane is only 17
• different from ours. This may be attributable both to the low surface brightness of the feature, as well as the fact that the main sequence turn-off counterparts of the stars we see here are at the bright magnitude limit of the SDSS.
The extent of the proposed debris stream is presently not well defined, but we are undertaking follow-up photometry and spectroscopy to bracket the limits better. Note that we lose track of the sequence past l = 345
• possibly due to magnitude limitation -the l = 350
• field would have the next farthest star from us, but this is close to the magnitude limit of the present spectroscopic sample. At the other end of the sequence, any progression of the sequence of stars is lost among disk stars having similar velocities. It is interesting that if our sequence is indeed tidal debris, then extrapolation brings it through the solar neighborhood.
3. possible association with sagittarius The positions of our selected stars in Fig. 3 and the top left panel of Fig. 4 are very suggestive of tidal debris from a satellite orbiting the Galaxy on a nearly polar orbit. Of the galaxies known to be satellites of the Milky Way today, the Sagittarius dwarf (discovered by Ibata et al. 1994 ) is the one most likely to be the parent of this debris since it is the closest of all the satellites to the Galactic center (currently at 16 kpc) and is also on a nearly polar orbit passing through the region where our fields are located. Not only is the highly distorted shape of the main body of this galaxy suggestive of tidal disruption (Ibata et al. 1997 ), but there is already substantial evidence for significant debris associated with this galaxy at many tens of degrees from its main body (Mateo et al. 1998; Majewski et al. 1999; Ibata et al. 2001; Ivezić et al. 2000; Dinescu et al. 2000; Yanny et al. 2000; Martínez-Delgado et al. 2001; Vivas 2001; Dohm-Palmer et al. 2001; Newberg et al. 2002) . We note that the Table 1 stars have photometric [Fe/H] that approximate the -1.3 and -0.7 dex values of the 11 and 5 Gyr aged populations seen in Sgr (Layden & Sarajedini 2000) .
Figs. 3 and 4 compare our data with semi-analytic predictions for the position and velocity of debris lost from Sgr during the last 1.5 Gyrs (see Johnston 1998 , for a description of the model). In this particular model Sgr had an initial mass of 2.1×10 9 M ⊙ , the Milky Way's circular velocity was fixed at 200 km s −1 , and Sgr's tangential velocity was allowed to vary within the proper motion error bars of present day observations to find the best fit, u = 200, v = −20 and w = 175 km s −1 . The portion of the streamer that is the closest match to the data comes from debris lost ≈1 Gyr ago, two pericentric passages previous to the most recent encounter i.e. we adopt perigalacticon passage n=0 for the most recent encounter while the passage of interest in n=-2. The debris from this encounter has wrapped entirely around the Milky Way.
Figs. 3 and 4 suggest that it is plausible that the feature we have found is indeed associated with Sagittarius. However, we note that this feature alone cannot strongly constrain the details of Sgr's orbit, mass, mass loss history or Milky Way potential. The profusion of streams plotted in our figures is some indication of the degeneracy of the problem. Rather, our discovery is interesting in that it is the first case reported of debris that could be from Sagittarius within the Sun's orbit and, if the association is correct, suggests that there should be many more Sgr streams wrapped around the Galaxy within a few kiloparsecs of the Solar Neighborhood. Previous studies (Totten & Irwin 1998; Dinescu et al. 2000; ) have suggested evidence of multiply wrapped tails; the GGSS can provide a direct means of identifying and studying such features in the inner halo. Considering that our first detailed look at a portion of the GGSS data revealed evidence of such a diffuse stream we are hopeful that future studies with the GGSS data set will yield more such features, as part of our goal to understand the formation and mass distribution of the Galactic halo.
Note added in proof: A preliminary reduction of new follow up spectroscopic observations (of a mix of stars previously observed, and fainter giant candidates that we hadn't observed spectroscopically earlier) obtained since the paper was submitted shows more outliers consistent with the stream. They even extend the stream out to the fields G1532-16 and G1556-16 and have stream members with even more extreme outlying velocities.
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